Abstract The increasing incidence of pediatric dysphagia has raised questions about how to identify children at risk for aspiration. Multiple investigative imaging modalities are considered in diagnostic algorithms, since dysphagia may involve any or all phases of swallowing. Although upper gastrointestinal (UGI) series and videofluoroscopic swallow study (VFSS) are common procedures, the utility of UGI for detection of aspiration and the impact of oropharyngeal imaging during UGI on radiation exposure have not been well described. We hypothesized that diagnosis of aspiration on UGI would be predictive of aspiration on VFSS and screening swallows during UGI would increase radiation exposure. A retrospective review was completed of bottlefed children undergoing UGI series within 1 month before/ after standardized VFSS. UGI was imaged at 3 frames per second (fps) pulsed and VFSS at 30 fps continuous fluoroscopy. Cumulative radiation dose (CD) and dose area product (DAP) were recorded. VFSS and UGI were performed in 49 patients; however, only 21 (43 %) had documentation of swallow function on an UGI series. All children with aspiration on UGI demonstrated thin liquid aspiration on VFSS; however, 53 % without aspiration on UGI aspirated on VFSS. CD for UGI with versus without swallowing documentation was significantly higher (median = 0.33 vs. 0.21 mGy, p = 0.02) but within variability ranges reported for fluoroscopy equipment. DAP was not significantly higher for UGI with documentation of swallowing compared to without documentation of swallowing (median = 4.11 vs. 3.02 lGy cm 2 , p = 0.09). UGI findings are specific but not sensitive markers for aspiration on VFSS. Imaging of swallowing on UGI may have an appreciable increase on radiation exposure.
Abstract The increasing incidence of pediatric dysphagia has raised questions about how to identify children at risk for aspiration. Multiple investigative imaging modalities are considered in diagnostic algorithms, since dysphagia may involve any or all phases of swallowing. Although upper gastrointestinal (UGI) series and videofluoroscopic swallow study (VFSS) are common procedures, the utility of UGI for detection of aspiration and the impact of oropharyngeal imaging during UGI on radiation exposure have not been well described. We hypothesized that diagnosis of aspiration on UGI would be predictive of aspiration on VFSS and screening swallows during UGI would increase radiation exposure. A retrospective review was completed of bottlefed children undergoing UGI series within 1 month before/ after standardized VFSS. UGI was imaged at 3 frames per second (fps) pulsed and VFSS at 30 fps continuous fluoroscopy. Cumulative radiation dose (CD) and dose area product (DAP) were recorded. VFSS and UGI were performed in 49 patients; however, only 21 (43 %) had documentation of swallow function on an UGI series. All children with aspiration on UGI demonstrated thin liquid aspiration on VFSS; however, 53 % without aspiration on UGI aspirated on VFSS. CD for UGI with versus without swallowing documentation was significantly higher (median = 0.33 vs. 0.21 mGy, p = 0.02) but within variability ranges reported for fluoroscopy equipment. DAP was not significantly higher for UGI with documentation of swallowing compared to without documentation of swallowing (median = 4.11 vs. 3.02 lGy cm 2 , p = 0.09). UGI findings are specific but not sensitive markers for aspiration on VFSS. Imaging of swallowing on UGI may have an appreciable increase on radiation exposure.
Introduction
The incidence of swallowing disorders (dysphagia) in the pediatric population is increasing at least in part because of the improved survival of children with medically complex conditions and histories of prematurity and low birth weight [1] [2] [3] [4] . Oropharyngeal dysphagia is defined as difficulty swallowing caused by one or more underlying conditions that may involve any or all phases of swallowing [5] . In turn, infants and young children with dysphagia are at increased risk for aspiration-induced lung injury, nutritional compromise, and stressful mealtime interactions. Various investigative imaging modalities are considered in diagnostic algorithms given the broad range of potential underlying etiologies, dysphagic presentations, and their associated consequences [6] [7] [8] .
Two common diagnostic procedures are the upper gastrointestinal (UGI) series and videofluoroscopic swallow study (VFSS). The UGI series, which includes an esophagram, primarily focuses on the evaluation of upper gastrointestinal tract anatomy. The American College of Radiology and Society for Pediatric Radiology (ACR-SPR) has established a set of practice parameters for the performance of the UGI series that includes fluoroscopic screening of swallow function as a basic component of the UGI series [9] . In adherence with practice mandates to keep radiation exposure ''as low as reasonably achievable'' (ALARA), these examinations are typically performed at reduced fluoroscopic pulse rates [10, 11] . Although radiation exposure is decreased by the use of lower pulse rates, the detection of contrast entering the airway has been underestimated with rates less than 30 fps [10] [11] [12] . In contrast, the VFSS is performed at 30 fps. It is the current the gold standard for the detection of swallowing impairments that may result in aspiration and development of appropriate treatment recommendations [8] . Health care providers are faced with clinical decision-making that calls upon incorporating information from varying evaluation modalities, including the presence or absence of aspiration on UGI series. Whether findings of aspiration on UGI are generalizable to clinical decision-making about aspiration with oral intake are unclear. Such information may be used to guide clinical management and the initiation of other referrals, particularly when aspiration with oral feeding is a concern. Our aims were to evaluate (1) whether findings of aspiration on the UGI series are predictive of aspiration on VFSS and (2) the impact of swallowing screening during UGI on radiation exposure.
Materials and Methods
The present study is part of a larger prospective investigation that is focused on the standardization of the acquisition and interpretation of VFSS images in bottle-fed children with dysphagic concerns on the basis of history and/or clinical presentation. The protocol for this study was approved by the Institutional Review Board of the participating institution. For this investigation, a retrospective review was extracted from the database of all the 154 children who were bottle-fed (mean age 6.8 months, range 0.3-34.3 months), participated in the primary study, and who underwent a VFSS between March 2012 and December 2014. Data were extracted from the 49 patients (mean age 4.7 months; range 0.4-30.3 months) identified as having an UGI series performed within 1 month before or after the VFSS (Fig. 1) .
VFSS studies were completed to evaluate children presenting with airway compromise or feeding difficulties suspicious for oropharyngeal dysfunction. Two speechlanguage pathologists (SLPs), with 8 and 25 years of experience with instrumental assessments in infants and young children, conducted and interpreted VFSS examinations. Children were positioned in their typical or best positions for bottle feeding. They were seated in a dedicated fluoroscopy chair and imaged in the lateral plane. A standardized preparation of thin liquid barium (Varibar Ò 40 % w/v ratio of barium sulfate concentration) was used for all VFSS examinations. The barium contrast was at room temperature and administered by nipples and bottles that were supplied by radiology or brought from home, and adapted according to the clinical characteristics of the individual child. Outside the scope of this investigation, SLPs proceeded with clinically indicated compensatory strategies (e.g., bolus or utensil modifications, or positional changes) to optimize airway protection and bolus clearance. All examinations were performed with pediatric radiologists. Imaging focused on addressing each child's clinical questions and management needs, while limiting radiation exposure. Consequently, the number of swallows imaged per child varied. All examinations used continuous fluoroscopy at a rate of 30 fps and digitized images of VFSS examinations were recorded and stored on the KayPENTEX Digital Swallowing Workstation Model 7245C. Upon completion of VFSS examinations, the participating SLP and senior radiology resident in conjunction with one fellowship trained pediatric radiologist reviewed images for evidence of swallowing dysfunction and the presence of aspiration as determined by consensus.
UGI series were performed for a variety of clinical indications, including vomiting with possible intestinal midgut malrotation, trachea-esophageal fistula, and pre-operative examinations to evaluate anatomy prior to planned gastrostomy tube placement [13] . All UGI examinations were performed by pediatric radiologists or supervised radiology residents or pediatric radiology fellows. They were completed using pulsed fluoroscopy at a rate of 3 fps and with the same thin liquid barium sulfate suspension (Varibar Ò 40 % w/v ratio of barium sulfate concentration) that was used for VFSS examinations. The protocol at our institution includes a lateral view of the nasopharynx and larynx on digital fluoroscopy for the duration of 3-5 swallows during bottle feeding. Children were typically evaluated in the decubitus position.
Two radiologists blinded to the clinical characteristics of the children extracted and coded data from the final written reports of VFSS and UGI examinations. Decisions were made by consensus and coded according to whether the report included documentation of swallow function and if so, the presence or absence of aspiration. Cumulative radiation dose (CD), an estimation of skin dose, and radiation dose area product (DAP), an indicator of whole body dose, were recorded for each VFSS and UGI series.
Continuous measures (e.g., age, CD, and DAP) were not normally distributed and were summarized and compared using non-parametric statistics, i.e., medians, ranges, and Wilcoxon rank-sum tests. Categorical measures were summarized using counts and percentages, and compared using Fisher's exact tests. Exact binomial confidence intervals (CIs) were calculated for sensitivity and specificity. Analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, NC) and Stata/IC 12.1 (College Station, TX). All tests were two-sided and statistical significance was set at p \ 0.05.
Results
Demographic characteristics were comparable for children with and without documentation of swallowing on UGI (Table 1) . Of the 49 patients who had both examinations, swallowing was documented in only 21 (43 %) of the final UGI reports. As shown in Table 1 , although CD was significantly higher for UGI with documentation of swallowing, DAP was not significantly higher for UGI with documentation of swallowing compared to without documentation of swallowing.
Using the VFSS as the gold standard, the calculated sensitivity for aspiration documented on UGI was 31 % (4/ 13; 95 % CI = 9-61 %) and specificity was 100 % (8/8; 95 % CI = 63-100 %).
The positive predictive value was 100 % (4/4; 95 % CI = 40-100 %) and negative predictive value was 47 % (8/17; 95 % CI = 23-72 %).
Discussion
This is the first investigation, to our knowledge, that reports on the concordance between detection of aspiration on UGI series and VFSS, and the impact on radiation exposure associated with the imaging of swallowing function during an UGI series. Each study is performed to evaluate specific aspects of the digestive tract. While the UGI primarily evaluates the anatomy of the upper gastrointestinal tract, the VFSS focuses on oropharyngeal function for management decision-making. Although aspiration can be detected during either examination, neither the VFSS nor UGI is completed for the sole purpose of determining the presence or absence of aspiration. Our findings demonstrate that the UGI series performed at 3 fps has a high specificity and positive predictive value but a relatively low sensitivity for detection of aspiration. Given that children with dysphagic concerns frequently undergo both diagnostic procedures, this information may help guide clinical decision-making. All of our patients with documentation of aspiration on UGI series had aspiration on thin liquid during VFSS. In contrast, 53 % of our children without aspiration on UGI aspirated on VFSS. Consequently, although findings of aspiration on UGI are diagnostic and should prompt the need for further work up that may include a VFSS, the absence of aspiration on UGI series is not reassuring in symptomatic children. Consistent with the work of Vazquez, negative UGI findings in symptomatic children with suspected oropharyngeal dysphagia should prompt feeding/swallowing evaluations, including VFSS [13] . Multiple factors may contribute to the low sensitivity of UGI series for the detection of aspiration. UGI series guidelines recommend imaging a total of 3-5 swallows using pulsed fluoroscopy, which may not capture intermittent episodes of aspiration or changes in performance over time [9, 12] . In addition, UGI procedures are not set up to capture the typical range of oropharyngeal function during meals because of patient positioning, the administration of only a liquid contrast, and movement of the fluoroscope away from the oropharyngeal structures to capture bolus passage through the esophagus. In comparison, VFSS are performed with continuous fluoroscopy, imaging remains focused on the pharynx and upper esophageal sphincter, and efforts are made to simulate a ''typical'' oral feeding [8, 12] . Importantly, VFSS images provide information on the swallowing function and identify the physiologic reasons for the aspiration, which are essential to the development of management plans [13, 14] .
Consequently, when clinical decision-making is dependent upon the increased risk of thin liquid aspiration in medically fragile infants and those with underlying lung disease, documentation of aspiration on UGI may provide the information needed for patient care. That said, even in the setting of liquid aspiration on UGI, the utility of VFSS should be considered to objectively define swallowing impairments and to guide diagnostic and management decision-making.
The updated ACR-SPR practice guidelines for the performance of contrast UGI examinations of infants and children include an assessment of swallowing in the lateral view, especially if the patient has a history or symptoms suggesting swallowing dysfunction [9] . We were surprised that more than half of the UGI did not document whether swallowing function was imaged. It is possible that the timing of UGI series relative to the VFSS influenced decisions about the safety and utility of imaging of swallowing function. UGI performed after VFSS may not have screened pharyngeal swallowing because of safety concerns or documentation of aspiration on a previous VFSS. We found a statistically significant increase in radiation exposure on UGI when swallowing function was documented; however, the clinical significance of this finding is not clear because of inherent variability found in recorded data from fluoroscopy equipment. Patient dose calculation and display on pediatric fluoroscopy equipment can vary as much as ±15 % for skin dose (1 mGy) and ± 20 % for DAP (0.1 lGy cm 2 ) [15] . Additionally, we are unable to calculate comparable data for any patients who may have had their swallows imaged without documentation of swallowing. Although reasons for that lack of documentation are not clear, it is possible that performing radiologists did not document swallowing because they were aware of limitations associated with the reduced pulse rates and patient positioning. Additionally, the most recent ACR-SPR practice guidelines were published shortly after our subjects were examined [9] . Nonetheless, the potential impact on radiation exposure underscores the importance of documenting whether swallowing function was assessed or reasons for not imaging swallows during UGI.
Primary limitations of this study are related to factors associated with the retrospective nature of UGI data capture and a small sample derived from a single setting. Another limitation is related to the potential impact of the time interval and changes in patient status between the two imaging studies. We attempted to limit the likelihood of influences related to changes in medical and developmental status by excluding data from studies completed with greater than a 1-month interval. Despite the potential of remaining intervening influences, our experience suggests that clinicians are frequently asked to interpret the potential relevance of data acquired over time. Although lower frame rates reduce radiation exposure, frame rates below 30 fps may fail to capture contrast entering the airway and therefore underestimate the presence of swallowing dysfunction [12, 16] . As such, the 3 fps rate used during UGI may have compromised the detection of contrast entering the airway. In contrast to our findings, it is possible that an UGI series may show evidence of aspiration that is not detected during the same patient's VFSS. Intermittent aspiration may not be captured during either examination and procedural variations may differentially impact airway protection. Further research is needed to determine the best means of identifying and quantifying oropharyngeal dysphagia for meaningful management and with the lowest dosage of radiation exposure.
Conclusion
In summary, aspiration on UGI series is highly predictive of thin liquid aspiration on VFSS. In comparison to VFSS, it is not sensitive for detection of aspiration. Imaging of swallows during an UGI series may have an appreciable increase on radiation exposure; therefore, documentation of swallowing in the final report is important. Documentation of whether swallowing function is assessed is critical to the clinical care of patients. This information may facilitate further evaluation of high risk children, including VFSS for the objective identification of the type and extent of the underlying swallowing impairments.
